The assessment of river estuary physical erosion can be based on position and time distribution of velocity and sediment transport. The physical variables are partially or integratedly used to assess the flow characteristics. Analysis of the physical variables and their changes along the river estuary can show the process of sediment deposition in the estuary. Data distribution and flow physical variable profile will generate mathematical function of changes along the estuary. Spatially, this mathematical function will generate and determine the position of the material transport deposition (map of sediment deposition in along the estuary of the river). The material transport deposition map (based on the valueof (c0), presents the contours of c0 during the low tide (presented in the form of curves/ full line), while the contours of c0 during the high tide (is presented in the form of dashed lines). The concentration contour of material transport at high tide is at the position of 80 meters of c0 equals 1.35 grams per litter, at low tide c0 equals 1.36 grams per litter, and at the maximum high tide, almost all sediment is in the form of fine sand sediment deposited at the position of 0 meter up to the position of 280 meters, the c0 value is equal to 1.26 grams per litter. It can be seen in the contour map the shifting position or contour lines at low tide and high tide, and when the tide is shifted farther to the upstream of shoreline. Contour lines shift to the upstream
Introduction
The process of silting and erosion of the river estuary is generally the result of deposition or erosion and transport of sediments process in the Earth's surface (Dibyosaputro, 1997 , Masselink et al, 2009 ). The material transport which determines the formation of deposition results include bed load, suspended load, and wash load. The material deposition rate is very dependent on the velocity of the stream that transports it. The stream velocity is also a determining factor of riverbed erosion rate dominated by other than the type and dimensions of the riverbed materials such as fine sand according its compaction level.
The measurement requirements of flow physical variables like sediment transport and velocity, in the steady flow conditions, non-turbulent or irrotational, and homogeneous, are very difficult to carry out so that the measurement must be conducted at many points of observation (Ven Te Chow, 1984) . The methods of measurement and determination of measurement point (according to the depth and width of the river estuary) should be conducted in such way that the flow requirements are met.
The physical assessment of deposition of material sediment transport along the river estuary can be based on the distribution of the position and time of both physical parameters.While the physical variable of stream velocity is partially or integrated used to assess the characteristics of stream and sediment transport deposition process along the estuary (Bartnik et al, 1992) .
Analysis of these variables and their changes along the river estuary can show sediment deposition process (material transport) in the estuary area. The availability of data and the physical variable profiles can generate mathematical function of velocity changes and function of sediment transport concentration along the estuarine flow, and the mathematical function of material transport concentration changes along the estuary, are formulated equations of point coordinates to map the sediment concentration along the stream with the position of points that have the same contour.
The contour map of material transport concentration that determines the deposition and transport of sediment at the estuary, then becomes important, because the river estuary is an area of erosion of the river bed and deposition area of sediment material, suspected to be able to result in the alluvial formation of both building estuarine bed surface and lower the estuarine bed surface.
Theoretical Basis
Of most rivers, estuary is the depositionof material or transport sediment carried from upstream areas (Widiyanto 1986 , Dibyosaputro, 1997, Mulyanto H.R., 2010;). Stream conditions and the tidal activitiesat river estuary area produce alluvial formations such as alluvial plains, deltas, sandbars, lagoons etc. The potential of the formation above can be physically examined through material transport mechanism, and conversely, the observation of formation changes over time can be assessed its process and the flow physical characteristics variables in the estuary can be determined.
Material transport as a natural process is closely related to transportation, deposition, and compaction, especially in land areas or places where water flows. In principle, material transport (sediment) relates to the sediment discharge transported by the stream and velocity of stream in transporting the sediment.
Progressively accumulated, the transported material transported on the river bed and flood plain or body of water where the river stopped is dependent on sediment discharge how fast the sediment carried by the stream. Therefore, sedimentation occurs as a result of gradient of rivers or small surface slope, and small rivers flow discharge, till the transporting no longer able to transport sediment (Dibyosaputro, 1979) .
In general, material transport deposition on riverbed and along the river basin occurs at low velocity or flow discharge, or in circumstances in which the water level is low. Sediment remobilization occurs during high or increasing discharge periods or on the high water level (De Boer, 1992) .
The amount of material transport in stream is also a function of sediment supply and stream energy. When the magnitude of the stream energy exceeds the magnitude of sediment supply, there will be degradation of river. On the other hand, when the sediment supply is greater than the stream energy, there will be aggradation of river (Asdak, 2007) .
Method
Dickinson and Bolton (1992), state that bed material load and wash load are measured and calculated separately. Wash load is estimated to be evenly distributed throughout the cross section of the river, and can be calculated directly as the result of multiplying single measured concentration with the average discharge at the sampling time. Bed load (bed material transport) is determined more by the hydrological parameters so that data collection can be simplified by developing a "sediment rating curve" that connects the average sediment concentration with discharge, for measurements in a short period.
According Zhian and Gangyan (1992) , although many methods of calculation have been developed for the determination of material transport, but there is no a single calculation that can be used universally for all sizes of sedi-ment, bed configuration, and flow regimes. The main difficulty lies in the calculation method of determining particle size distribution moving on the riverbed. Bartnik et al. (1992) states that the material transport occurs when the flow discharge exceeds the critical value. It is not easy to determine the flow discharge on which material transport will begin to move. The research results show high conformity between the results of experiments and material transport equation formulated by Meyer-Peter & Muller modified by Wang.
In 1935, through laboratory research, Mavis developed a formula to determine the velocity of particle (material transport) relatively more flexible for various particle diameter from 0.35 to 5.7 mm and a specific gravity from 1.83 (mm.sec -2 ) to 2.64 (mm.sec -2 ):
o f which vt is particle velocity (m sec -2 ), d is particle diameter (mm), and G is specific gravity (m sec -2 ) (Schwab et al, 1981). If the flow velocity exceeds vt value (for the value ofd and G is in accordance with bed material of river surface), the particles on the surface of riverbed will be transported by the flow to more downstream area, conversely, if the flow velocity is lower than vt value, then the surface of riverbed will not be eroded and particles on the surface of riverbed is not transported..
The velocity necessary to precipitate bed charges particles (material transport) deposition velocity will follow the equation: 
of whichv0 is the critical velocity, m is critical value ratio (cvr), which depends on the type of deposition material, and y is water depth (Garg, 1979 ).
Results and Discussion
Material transport is a component of sediment transport that moves on the layer near the surface of riverbed (bed stream). Thus, for the purposes of analysis, flow velocity measurement is carried out on the bed of river estuary, (v0). For the main flow path at a particular measurement position, there are two measurement segments (different secondary flow paths), then the velocity data at that position (v0) is defined as the mean velocity data on both segments.
The modelling of mathematical function of flow velocity of v0 material transport deposition determinant at low tide and high tide, results in an exponential function (negative), with the form of equation: 
The estimation of parameters is given: 
The parameter estimator Substitution equation (8) to (9), then, the parameters of estimation are given: k are:
Rating curve v0 analysis at high tide shows that the flow velocity at the bed layer becomes zero at the position more to the shoreline upstream. Physically, because the density of sea water is higher than the density of river water, the boundary meeting profile of both water mass has the decreased gradient to the shoreline upstream direction. In these conditions, lower water mass layer will experience deceleration at a position more to the shoreline upstream. (10) of which x is the distance of position measurements from the reference.
The data modelling analysis of material transport concentration indicates ratingcurve result at high tide greater than at low tide and it can be concluded that the concentration function gradient at high tide is steeper than the function gradient at low tide. Rating curve at low tide, the material transport concentration is decreased with slightly sloping gradient from upstream toward the shoreline. In this condition, most sediment is deposited in a position more to the shoreline from the position of 655 meters, even partially of it passed on to the sea. At high tide, the gradient rating curve of material transport concentration becomes steep and on the position approaching 600 meter of the measurement position of one, the flow concentration is almost zero. If the sea level is increased, the gradient is getting increased and the boundary of deposition position will be shifted towards the upstream, conversely, if the sea level goes down, the gradient will be decreased and the position of deposition will be shifted towards the shoreline.
Based on the mathematical function form, the material transport deposition form is exponential function (equation 4), then there is derived equations to determine the contour map of material transport deposition along the estuary, point position that has the same contour of material transport concentration is obtained by the equation:
. (5) of which x is the point position with the same value of c0concentration, k0, k1, and k2are constants and coefficients of concentration function. The contour map of sediment transport concentration (based on c0 value), presenting contour of c0 at low tide is presented in the form of curves/ full line, while the contour of c0 at high tide is presented in the form of dashed lines. The contour map shows the shift in position or contour lines at low tide and high tide. Examples for the value of c0 = 1.26 at low tide, the position is located at 280 meters, and at high tide it is shifted further to the upstream, that is at position 90 meters from the reference. The contour line shift towards the upstream at high tide shows the shift of sediment deposition position to the upstream toward the shoreline. The contour of 
Conclusion
At low tide, the material transport concentration is decreased with slightly sloping gradient from upstream toward the shoreline. At low tide, most of the sediment transport is deposited at a position that is located more towards the shoreline, even partially of it is passed on to the sea. At high tide, gradient rating curve of sediment transport concentration becomes steep and at the position to the upstream, the flow concentration is almost zero. At high tide, all bed loads are deposited at the position more to the upstream of the position of 600 meters. Physically, concentration rating curve gradient at high tide will be changed, depending on sea levels. If the sea level is increased, the gradient is getting increased and the limits of deposition position will shift towards the upstream.
The sediment transport contours map (based on the value of c0), presenting the contours of c0 at low tide is presented in the form of curves/ full line, whereas the contours of c0 at high tide is presented in the form of dashed lines. In the contour map, it can be seen the position shifting or contour lines at low tide and high tide, and at high tide it shifts farther to the upstream. The shift of contour line towards the upstream at high tide shows the shift in the material transport deposition position to the upstream. The material transport concentration contour at high tide is in the position more to the upstream of shoreline (c0 = 0.05 grams per litter) showing that at the maximum high tide, almost all sediment is in the form of fine sand (bed material transport) deposited in the location next to shoreline upstream.
